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PREFACE 
Until recently, the social discussion about agricultural biotechnology particu-
lary focused on the general merits of this new technology. As the technological 
development proceeds, it becomes more and more evident that there is a need for 
information on specific applications of agricultural biotechnology. One of these 
specific applications are genetically modified potatoes. 
At the request of consumers' organizations and the Ministry of Agriculture, 
Nature Management and Fisheries (LNV), the Agricultural Economics Research 
Institute (LEI-DLO) has carried out research into the development and introduc-
tion of genetically modified potatoes. This research has been set up as a Techno-
logical Assessment (TA). This means that, in addition to an account of the state of 
the technology, special attention has been paid to factors that promote or hinder 
the social acceptance of this technology. 
The purpose of this publication is to explain, in brief, to what extent research 
into genetically modified potatoes has progressed and what commercial applica-
tions could emanate from this research. At the same time, the research institutes 
and companies that are involved in developing this technology will be intro-
duced. Finally, the social aspects that are of importance to this development are 
brought up. It is also taken into consideration how the discussion around these 
aspects affects the acceptance of genetically modified potatoes by the consumer. 
The potato was selected, because research in this field is well advanced, and 
because the potato is an important crop in Dutch agriculture. The chapters on the 
social aspects and the consumer acceptance, however, have a much broader sig-
nificance. Here, the social points of discussion are considered, which also concern 
other applications of genetic engineering in agriculture and horticulture. 
This publication has been written for a wide audience who wants to know 
more about this specific application of agricultural biotechnology. An effort has 
been made to use as little jargon as possible. Some unavoidable technical terms 
are explained in the glossary. 
The»Director, 
The Hague, April 1994 / L . C . Zachariasse 
SUMMARY 
This report analyses the development and introduction of genetically 
modified potatoes in the Netherlands. This study is part of a larger re-
search programme on 'Ecological, social and ethical aspects of biotechnol-
ogy', funded by the Ministry of Agriculture, Nature Management and 
Fisheries. Genetically modified potatoes were chosen as a first case study 
for the following reasons: potato is an important crop in Dutch agricul-
ture; potato farmers are obliged to reduce the use of chemical pesticides, 
and are thus looking for alternative ways to prevent damage and loss by 
pests and diseases; applied research on genetically modified potatoes is 
well advanced. 
Field trials with transgenic potatoes can be divided in three categories: 
transgenic potatoes with marker genes, with better resistance to pests and 
diseases, and with improved characteristics for storage and processing. 
In the Netherlands the first genetically modified potatoes have been 
virus resistant potatoes. All important potato pests and diseases are sub-
ject to genetic engineering research: diseases and loss caused by nema-
todes, viruses, fungi, bacteria, insects and herbicides. Although several of 
these pests and diseases are not a major threat to potato cultivation in the 
Netherlands, they are important because of the large export of seed po-
tatoes. For instance, Dutch seed potatoes exported to Mediterranean coun-
tries are faced with (sub)tropical diseases endemic in these countries. 
Transgenic potatoes with improved storage and processing charac-
teristics have already been developed in the Netherlands, and are now 
subject to cultivation tests. In one kind of transgenic potatoes the starch 
content has been changed. This amylose-free potato may make the in-
dustrial starch processing more efficient. Another kind of transgenic po-
tatoes has been made less vulnerable to bruising, in order to reduce the 
loss of raw material during storage, transport and processing. 
Abroad, research on transgenic potatoes is directed at improving cold 
resistance. Potatoes with a better cold resistance can be stored at lower 
temperatures and therefore need less chemicals for restraining sprout 
growth. Other projects are directed at enhancing the starch content. 
Three groups of actors are directly engaged in the introduction of 
genetic engineering in potato breeding: public research institutes, bi-
otechnology firms, and potato breeding companies. The most important 
public research institutes are the Centre for Plant Breeding and Reproduc-
tion Research (CPRO-DLO) of the Ministry of Agriculture, Nature Man-
agement and Fisheries, and the Department of Plant Breeding (rVP) of the 
Agricultural University Wageningen. Two new biotechnology firms are 
doing research on transgenic potatoes in the Netherlands: Keygene, in 
Wageningen, and MOGEN, in Leiden. Also important for the Dutch po-
tato industry is the Belgian new biotechnology firm Plant Genetic Systems 
(PGS). Several Dutch potato breeding companies have research contracts 
with PGS. 
The potato breeding companies, the third group of actors, are currently 
going through a process of restructuring. Firstly, there is a concentration 
of companies under way, through mergers and takeovers. Secondly, po-
tato breeders have enlarged breeding research activities, as potato breed-
ing research at public institutes has been reoriented. Thirdly, the rise of 
genetic engineering has urged the companies to increase investments in 
biotechnology research, either within their own company or as contract 
research. All companies feel the need to keep in touch with the latest re-
search findings. Fourthly, pressure has increased on breeding companies 
to come up with varieties that have better pest and disease resistance, and 
thus need less pesticides. As a result of the restructuring process the po-
tato breeding companies will become stronger and more influential in the 
potato product chain as a whole. 
The development of genetic engineering in general has aroused contro-
versies on the merits of this new technology. This discussion is also held 
on transgenic potatoes. The major issues in this discussion are the (long-
term) ecological safety and the safety of consuming transgenic potatoes. 
Other issues are the socio-economic impact and ethical aspects of trans-
genic plants. Environmentalists stress the uncertainty about the ecological 
impact, and therefore plead for restriction of field trials with transgenic 
plants. Consumer organizations are mostly concerned with safety for con-
sumption. 
Because both the efficacy and the price of transgenic potatoes are still 
unknown, it is difficult to make a quantitative assessment of the economic 
impact. However, it is already evident that genetic engineering research 
requires potato breeders to increase their investments in R&D. Also, verti-
cal coordination in the potato product chain will be reinforced as trans-
genic potatoes can only be introduced when all downstream actors give 
their approval. 
Whether transgenic potato varieties will be grown depends foremost 
on the attitude of the public (or consumer). For consumer acceptance 
many aspects are of concern, while safety for human consumption and en-
vironmental impact are the most important. For these aspects no definite 
answer can be given, thus leading to a reserved attitude of the consumer 
and the public at large. 
In order to achieve broad acceptance of transgenic agricultural pro-
ducts a dialogue is set up between proponents and critics of genetically 
modified food crops. In this dialogue the parties involved can listen to 
and respect each others arguments. Only in this way some consensus may 
be reached on what applications of genetic engineering holds benefits for 
all groups in society. For transgenic potatoes this implies that bi-
otechnology firms and the potato business on the one hand and en-
vironmental and consumer organizations on the other hand have entered 
a dialogue to discuss the conditions under which transgenic potatoes are 
introduced. 
1. INTRODUCTION 
1.1 Reason for the publication 
Since the mid 1980s agricultural biotechnology has been in the centre of 
interest of policymakers and the media. This new technology is applicable 
in many ways and offers a large scale of new possibilities in agriculture, 
such as improved varieties, more efficient production methods, and new 
outlets. 
The attention to the problem-solving capacity of this new technology is 
enhanced even more, because Dutch agriculture is going through difficult 
times (caused by, for instance, market saturation, reform of the European 
agricultural policy, and strict environmental policy). While large-scale re-
search is carried out into the possibilities of biotechnology, presently there 
are still only few applications in practice. This will change in the next few 
years. Therefore, it becomes significant to dwell upon the desirability of 
specific applications and on the related social effects. 
Many discussions about the possibilities and limitations of agricultural 
biotechnology have been carried out in general terms up till now. Debates 
between proponents and critics of this new technology usually were about 
the safety and the desirability of the technology itself. This was to be ex-
pected given the state of development of the technology and the virtual 
absence of actual biotechnological products. However, because it is a tech-
nology that can be used for many purposes, such general debates are not 
very productive. Ultimately, the debate is about the conditions under 
which actual products are approved and accepted. 
During the last few years it has become more and more clear which 
new products, as a result of biotechnological research, will be marketed in 
the near future. One of these new products are genetically modified po-
tatoes. In these potatoes traits have been altered by changing, eliminating 
or inserting genes responsible for these traits. They are called 'transgenic 
potatoes'. 
The shift of attention from biotechnology in general to actual new pro-
ducts led to a need for information about these products, about the 
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(economic) framework in which they are developed and introduced, the 
people involved, the possibilities and limitations of introduction, and 
about the social controversies surrounding these products. All these as-
pects together form the dynamics of the technological development. 
In this publication the dynamics behind the development and introduc-
tion of transgenic potatoes are analyzed. The purpose of this publication is 
to briefly answer the following questions for the Netherlands: 
- Which transgenic potatoes are being developed, by whom and for what 
purposes? 
- What social issues influence the introduction of transgenic potatoes? 
- Consequently, what are the possibilities and limitations for introduc-
tion? 
- What is the state of public acceptance of transgenic potatoes? 
1.2 Source of information 
The information presented in this publication is the result of a LEI-DLO 
study of the dynamics behind transgenic potatoes. On the one hand, the 
project consisted of a study of literature and on the other hand of inter-
views with a number of people involved. This research was carried out at 
the request of the Ministry (LNV) and consumers' organizations. Because 
the transgenic potato is one of the first genetically modified food crops to 
appear on the market, its introduction can be seen as a kind of test for the 
social conflict about the conditions under which these products will be ap-
proved and accepted. 
The results of this research were first published as a LEI-DLO research 
report (Bijman, 1993). The present publication is an extensive summary of 
that report. 
1.3 Structure of the publication 
In chapter 2 the Dutch and international field trials with transgenic po-
tatoes are listed. It is shown that the Netherlands play an important part 
in the research on genetic engineering of potatoes. The actors that are 
directly or indirectly involved in the development and introduction of 
transgenic potatoes are discussed in chapter 3. In chapter 4 the social 
aspects come up for discussion. The social discussion about agricultural 
biotechnology is shifting more and more from technology in general 
towards actual applications and products. Chapter 5 deals with the accep-
tance of agricultural biotechnology in general and of transgenic potatoes 
in particular. Finally, in chapter 6, some conclusions are drawn on (future) 
introduction of transgenic potatoes. 
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2. FIELD TRIALS WITH TRANSGENIC POTATOES 
2.1 Introduction 
Since the mid 1980s the potato has been one of the first crops on which 
genetic engineering could be applied successfully. The potato was used as 
model crop for many experiments with genetic engineering, because it is 
relatively easy to regenerate a whole plant from a modified cell. 
Soon, the experiments with potatoes were not restricted to model stu-
dies, but were aimed at improving the traits of the potato itself. Because 
the potato propagates vegetatively, once a characteristic has been inserted 
it cannot be lost in the selection process. 
Research on transgenic potatoes is carried out in almost all industrial-
ized countries (OECD countries) as well as in several developing coun-
tries. The first field trials with potatoes were carried out in the USA in 
1987. Since then, the number of field trials has increased every year, up to 
a total of 133 for the period 1987-1992. After rapeseed, the potato was the 
most popular crop to modify; in 15% of all (878) field trials with trans-
genic plants the potato was used (OECD, 1993). In the Netherlands, the 
first field trial with transgenic potatoes was carried out in 1988. These po-
tatoes, belonging to the biotechnology company MOGEN in Leiden, had 
been made resistant to the potato virus X (PVX). In the period 1987-1992, 
thirteen field trials with transgenic potatoes were carried out in the 
Netherlands. 
The field trials 1) with transgenic potatoes can be divided into three 
categories, according to the purpose of the transformation. The first cate-
gory consists of experiments with potatoes to which marker genes have 
been added. Its purpose is the ability to distinguish modified plants. 
The second category of field trials is aimed at improving the protection 
against diseases and pests. Improved protection is important, especially 
from the environmental viewpoint, because, as a result, the use of chemi-
1) We discuss field trials and not laboratory experiments, because data on the latter is 
not available. Data on field trials are available via registration and authorization 
processes. 
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cal herbicides can be reduced. The traits on which the research focuses are 
a) herbicide resistance, and b) protection against diseases and insects. In 
the third category of field trials, the objective is to improve the storage 
and processing characteristics. The actual applications can be found in the 
change in the content of dry matter, alteration in the structure of potato 
starch, improvement of sensitivity to bruising, and improvement of re-
sistance to cold. 
This chapter focuses on the research of transgenic potatoes per applica-
tion. The emphasis lies on research and field experiments in the Nether-
lands. This restriction is justified by the leading position of the 
Netherlands in the field of research, breeding, cultivation and export of 
potatoes. Wageningen and its surrounding area accommodate the world's 
largest concentration of potato research. No other country can pride itself 
on such an advanced system of variety testing and commercial breeding 
(Young, 1990). The activities of Dutch research institutes and breeding 
companies are, to a large extent, representative for the research and field 
trials world-wide. The field trials in other countries will be discussed 
briefly in paragraph 2.5. 
2.2 The use of marker genes 
Because the technology of genetic engineering, as of yet, has not 
developed to an extent that the insertion of a gene is always successful, it 
is necessary to identify modified genes and plants. For this reason, a so-
called marker gene is inserted at the same time as the chosen gene. The 
'marker' enables us to distinguish modified cells, tissues and plants from 
non-modified ones. 
The most frequently used marker is a gene that is responsible for the re-
sistance against the antibiotic kanamycine. Cells, in which this gene has 
been inserted, have acquired resistance against kanamycine and can there-
fore grow regularly in a cell culture to which this antibiotic has been 
added, while non-modified cells are killed. 
Another frequently used marker is a gene responsible for herbicide re-
sistance. By inserting such a gene, it is possible to distinguish modified 
from non-modified plants. In the event of spraying an experimental field 
with the herbicide, non-modified plants will die, whereas plants in which 
the modification has been successful, remain unharmed. When using this 
marker, selection takes place after the modified cells have developed into 
full plants. 
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2.3 Improvement of the protection against pests and diseases 
Research on transgenic potatoes which have acquired an improved pro-
tection against pests and diseases, can be divided into three groups: re-
sistance against diseases (caused by viruses, fungi or bacteria), resistance 
against insects, and herbicide resistance. 
The research on virus resistance is most advanced. As early as in 1988, 
the Dutch biotechnology company MOGEN carried out the first field trial 
with transgenic potatoes that had been made resistant to potato virus X 
(PVX). This attention to viral diseases was especially prompted by the 
technical possibilities of that time. For several viruses, resistance is deter-
mined by only one gene. Because, as yet, it is not possible to modify traits 
that are determined by more than one gene, much of the modification re-
search is primarily aimed at viral diseases 1). Apart from MOGEN, a 
number of institutes for agricultural research in Wageningen carry out re-
search on virus resistance. This research does not only focus on PVX, but 
also on potato virus Y, leaf roll virus, and tobacco rattle virus. 
Viral diseases are, for more than one reason, an interesting subject in 
modification research. Viral diseases can only be controlled preventively. 
Because viruses are transmitted through aphids, chemical substances are 
used to fight them. Through phytosanitary measures an attempt is made 
to keep the starting material free of viruses. For this purpose an extensive 
system has been set up in the Netherlands, which is executed by the 
Dutch General Inspection Service for Field Crops and Seed Potatoes 
(N.A.K.). Resistant potatoes can be an interesting alternative in those 
countries that lack a similar inspection service, or where it is difficult to 
prevent virus contamination because of the climate. 
Acquiring resistance against fungal diseases is generally considered as 
being very complicated, especially because this resistance is determined 
by more than one gene. Nevertheless, the biotechnology company 
MOGEN has already developed transgenic potatoes that have improved 
protection against fungi. Since 1992 MOGEN has carried out research with 
modified potatoes in cooperation with potato breeder KARNA. In these 
potatoes a gene has been inserted responsible for the protein osmotin, 
which inhibits fungus growth. 
Improvement of fungus resistance is one of the main objectives in po-
tato breeding. In the Netherlands, as well as in the rest of the world, the 
Phytophthora infestons is the most important fungal disease. The control of 
1) Although there are several methods of genetic engineering to insert viral resistance, 
insertion of a gene coding for the coat protein of the virus is most advanced. 
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this disease relies on the preventive use of chemicals. There are no potato 
varieties fully resistant against Phytophthora 1) and reliable curative herbi-
cides are not available. The potato grower has to spray many times, some-
times as often as every two weeks in order to achieve preventive control. 
This leads to a considerable use of fungicides in the cultivation of po-
tatoes. In 1990 over 2 million kg of fungicides were used in the cultivation 
of potatoes (this comes down to an average of 12.8 kg per hectare) in the 
Netherlands. 
The Erwinia bacteria are mainly responsible for bacterial diseases in 
Dutch potato growing. The bacteria damage the cell wall, which results in 
the decay of the tubers. This occurs especially in damp conditions, when 
water prevents the intake of oxygen. Damaged tubers cause black or dark 
discoloration of the foot of the stem (blackleg) or cause decay higher on 
the stem (soft rot). Although these diseases hardly ever lead to a loss of 
produce in the Netherlands, they cause damage in countries that import 
Dutch seed potatoes. Soft rot primarily develops in warm climates, 
whereas blackleg prefers moist areas with a temperate climate. A preven-
tive method of control is not available. Control of the disease is carried out 
by using healthy starting material and, in doing so, keeping the possibility 
of contamination and damage as limited as possible. Similar to viral dis-
eases, preventing bacterial diseases is more difficult in other countries 
than it is in the Netherlands. 
Research on transgenic potatoes resistant to bacteria is focused on the 
insertion of genes responsible for anti-bacterial proteins. These genes can 
either be taken from insects or can be newly constructed. The Belgian bi-
otechnology company Plant Genetic Systems (PGS) has inserted this type 
of genes in potatoes. Field trials with these potatoes were carried out in 
1992 by the Dutch potato breeder Meijer. The Centre for Plant Breeding 
and Reproduction Research (CPRO-DLO) in Wageningen also carries out 
field trials with transgenic potatoes that have acquired resistance to bacte-
rial infections. 
Insect pests in potato production are aphids, the Colorado potato 
beetle, and the potato tuber moth. Aphids eat away the crop, but are par-
ticularly harmful in the growing of seed potatoes because they transmit 
viral diseases. The Colorado potato beetle, which also eats away the crop, 
is feared all over the world. In the Netherlands there is a legal obligation 
to control this beetle. The potato tuber moth is a serious pest in warm and 
tropical climates. The larvae in particular cause damage by burrowing in 
leaves and seed potatoes, in the field as well as during storage. The potato 
tuber moth does not form a threat in the Netherlands. But because a large 
1) The potato variety Bintje, which covers approximately 40% of the total potato area 
in Holland, is very susceptible to Phytophthora. 
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part of the seed potato export is destined for the area around the Mediter-
ranean, Dutch potato growers are interested in ways to control this insect. 
Both the Colorado potato beetle and the potato tuber moth appear to be 
susceptible to toxic proteins produced by the Bacillus thuringiensis bacteria. 
This is the reason why obtaining insect resistance in potatoes by using 
genetic engineering is directed at these proteins. In 1992, field trials with 
transgenic potatoes with insect resistance were carried out in the Nether-
lands. These potatoes were developed by PGS, whereas the field trials 
were carried out by potato breeder Hettema. 
The third category of transgenic potatoes in this paragraph concerns 
herbicide-resistant potatoes. The most important objective of introducing 
herbicide resistance is to replace heavy polluting herbicides with less pol-
luting products. This commercial endeavour fits in with the government's 
policy to reduce the use of herbicides and to replace polluting products by 
less polluting products. Apart from that, herbicide resistance is also used 
as a selection method for transgenic plants (see paragraph 2.2). 
The potato is part of the first group of crops in which herbicide re-
sistance has been inserted. PGS has developed potatoes that are resistant 
to the herbicide Basta, via inserting bacterial genes, responsible for 
enzymes that eliminate the herbicide. The research institute ITAL (which 
later merged into the CPRO-DLO) in Wageningen carried out a field trial 
with herbicide-resistant potatoes that belonged to PGS. This trial was part 
of a risk analysis with transgenic potatoes. 
2.4 Improvement of storage and processing characteristics 
An ever increasing part of the Dutch potato crop is industrially 
processed into potato products like chips, mashed potatoes and crisps. Be-
cause of this, storage and processing characteristics receive more attention 
in potato breeding. The following characteristics are important for the 
processing industry: the starch structure, the content of dry matter, the 
amount of certain sugars, sensitivity to cold, discolouration, sensitivity to 
bruising, internal damages and external quality. These characteristics usu-
ally cannot be improved through traditional breeding. This is why it is at-
tempted to improve quality by means of genetic engineering. Three 
characteristics have so far been successfully obtained or improved via 
genetic engineering: reduced sensitivity to bruising, reduced sensitivity to 
cold, and an altered potato starch structure. 
In Wageningen, at the biotechnology company Keygene, transgenic po-
tatoes have been developed that are less sensitive to bruising. Bruising 
primarily is a problem for the chips industry. The blue or grey black dis-
colouration of the tubers develops when during harvest, transport or pro-
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cessing the potatoes are not handled with care. The blue spots turn black 
during frying and thus lead to loss. The first transgenic potatoes with re-
duced sensitivity to bruising were on the field in 1992. These trials were 
jointly carried out by the potato breeding companies Ropta-ZPC and Ce-
beco. Whether or not these trials had the desired result was not yet known 
at the time of writing. 
In 1992, the breeding company KARNA for the first time carried out a 
field trial using transgenic potatoes that had acquired an altered content 
of starch. Normally, potatoes have two types of starch, amylose and amy-
lopectin. KARNA's potato, developed by the Department of Plant Breed-
ing of the Agricultural University Wageningen only contains the 
amylopectin type of potato starch. This so-called amylose-free potato is 
destined for the starch industry. Starch producer AVEBE, KARNA's 
parent company, expects to be able to make the production process more 
efficient and to obtain new outlets. AVEBE is planning to actually process 
this potato industrially, starting in 1998. At least 800 hectares with trans-
genic potatoes are needed to achieve this. 
An interesting aspect of the amylose-free potato is the fact that this 
characteristic was also discovered in a natural mutant (a plant with devi-
ant traits). Through the traditional way of breeding this new characteristic 
would enable the development of a new potato variety. However, this 
takes much more time and is more laborious than genetic modification of 
an existing variety. The breeding process of the mutant is nevertheless 
being carried on, so that if the transgenic variant is not accepted, KARNA 
will still be able to market an amylose-free potato variety. 
Apart from altering the amylose-amylopectin content also other aspects 
of the carbohydrate composition are being examined by the Department 
of Plant Breeding like other types of starch and the total amount of starch. 
In 1993, the first field trials were carried out with these modified potatoes. 
2.5 Field trials abroad 
In the period up till May 1992 field trials with transgenic potatoes were 
carried out in at least eleven other OECD countries, apart from the 
Netherlands. The most important countries are (the number of field trials 
with potatoes is between brackets): Belgium (9), Canada (19), New Zea-
land (10), United Kingdom (19) and the United States (50) (OECD, 1993). 
The trait that was examined most often, is virus resistance (48x), followed 
by insect resistance (29x), herbicide resistance and disease resistance (both 
19x) and storage and processing characteristics (18x). 
In Denmark, in 1993 field trials were carried out for the first time with 
transgenic potatoes that could be stored in a cool area without forming 
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undesired sugars. When storing potatoes you face the problem of germi-
nating (forming of sprouts). There are two ways to meet this problem, 
each with its own specific disadvantages. On the one hand, germinating 
can be met by storing potatoes at a low temperature, but as a result un-
desired sugars develop in the potatoes. An excessive percentage of sugars 
in the potatoes leads to unacceptably dark coloured potato products, that 
additionally taste bitter. On the other hand, chemical substances can be 
used to control germinating. These substances have been under discussion 
the last few years, because they might be harmful to the consumer and the 
environment. The processing industry diligently tries to find alternatives 
for the use of these chemicals. 
The USA has reported field trials with transgenic potatoes in which the 
proportion between starch and sugar has been altered. In the near future, 
experiments with potatoes that have a higher dry matter content are ex-
pected. An increased starch content could lead to lower processing costs 
and to a reduced intake of fat during frying. In the American research on 
transgenic potatoes two major companies play an important part: the 
chemicals and biotechnology group Monsanto and the chips producer 
Frito-Lay. 
2.6 Conclusion 
The potato has proven to be an interesting crop for research on genetic 
engineering. Part of the field trials with potatoes is therefore carried out 
for the sake of research itself. The remaining part deals with commercial 
applications of transgenic potatoes. Because field trials have been carried 
out for a number of years already, the first transgenic varieties are ex-
pected to appear on the market within the next few years. These experi-
ments are carried out using transgenic potatoes that have acquired 
improved protection against diseases and pests, as well as improved 
storage and processing characteristics. The new varieties will have one or 
more of the following characteristics: improved virus resistance, herbicide 
resistance, or insect resistance. Fungus resistance is also one of the objec-
tives, especially against the fungus Phytophthora. As fungi present a very 
complicated problem, introduction of transgenic potatoes that are re-
sistant to fungi will still need some time. The research on transgenic po-
tatoes with improved storage and processing characteristics is developed 
furthest with the amylose-free industrial potato. A new variety with this 
characteristic is expected within a few years. 
Although research on transgenic potatoes has already progressed, it is 
very difficult to predict the exact moment of introduction. The introduc-
tion of transgenic potatoes on the market does not only depend on the 
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State of the technology and the marketing policy of the potato breeding 
companies, but also on social acceptance. The introduction of genetically 
modified food crops is presently subject to social discussion. Proponents 
and critics argue about the conditions of introduction and the legal regula-
tion. In chapter 4 these matters are discussed further. First, in chapter 3, 
we will look at the actors that play an important part in the development 
and introduction of transgenic potatoes. 
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3. THE ACTORS 
3.1 Introduction 
Many people, companies and institutions are involved in the develop-
ment and introduction of transgenic potatoes in the Netherlands. The ac-
tivities of these actors and their motivation constitute the dynamics of the 
technological development. There are, somewhat simplified, two groups 
of actors: one group supplying genetic engineering of potatoes and one 
group demanding genetic engineering. The suppliers are actors that carry 
out scientific and technological research. They indicate the technical possi-
bilities, on what terms it is possible, and at what cost. They are the ones 
that carry out the actual transformation, at their own initiative or at re-
quest. The suppliers consist of universities, DLO institutes and bi-
otechnology companies. These actors not only show the technical 
possibilities, but also want to commercialize that technology. 
Actors in the group demanding genetic engineering want to use this 
new technology to improve their products or production processes. These 
are, first of all, breeding companies that want to apply genetic engineering 
in breeding new varieties. But also customers of the breeding companies 
who face problems in the cultivation, storage or processing of potatoes are 
included. 
This chapter describes which actors directly or indirectly are involved 
in the research and field trials and what their motives are. The following 
Dutch actors will be discussed: universities and DLO institutes, bi-
otechnology companies, potato breeders, potato growers, the processing 
industry, and the government. Consumers are also important actors; 
without acceptance by the consumer further development of transgenic 
potatoes stops. As they are not involved in research and field trials, how-
ever, they will not come up for discussion. The question of consumer ac-
ceptance will be discussed in chapter 5. 
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3.2 Universities and DLO institutes 
Of all Dutch universities, only the Agricultural University Wageningen 
(LUW) engages in genetic engineering of potatoes. Other universities do 
carry out research on genetic engineering, but concentrate on different 
crops or on specific aspects of this technology. The research of the Depart-
ment of Plant Breeding of the LUW is, on the one hand, fundamental in 
nature. This means that it aims at obtaining theoretical insight in the 
processes and phenomena that play a part in the breeding of plants. On 
the other hand, this knowledge is also worked out into techniques that are 
directly applicable in breeding programmes. The translation of theoretical 
knowledge into practical applications primarily takes place in research 
that is assigned by a third party (so-called contract research). 
The potato has always been an important crop in the research of the 
Department of Plant Breeding. New scientific knowledge is often directly 
tested in potato breeding. Research on the genetic background of potato 
starch production has already resulted in an amylose-free transgenic po-
tato. The anti-sense gene technology was used to accomplish this. In this 
type of genetic engineering genes are not inserted, but the function of a 
gene is suppressed. Other biotechnological research that can contribute to 
potato breeding is clarification of the gene map and tracing genes re-
sponsible for resistance (e.g. against Phytophthora) in wild varieties. 
The LUW, as well as biology departments of other universities, has 
different motives for carrying out research on genetic engineering. First of 
all, the purely scientific challenge to gain more knowledge of the 
processes that play a part in breeding. Linked with this is also the chal-
lenge to test and apply the theoretical knowledge in practice. Biotechno-
logical research of this type can lead to great international acclaim. Apart 
from this, signals from the breeding practice play an important part. There 
appears to be great interest in practical biotechnological research from the 
potato breeding business world. Moreover, the national government and 
the EC have granted substantial subsidies for biotechnological research. 
This is yet another signal for scientists to give priority to this kind of re-
search. 
The scientific challenge also plays an important part to the institutes of 
the Agricultural Research Service (DLO) of the Ministry (LNV). Next to 
that they are, even more than the LUW, confronted by questions from ag-
ricultural practice. The DLO institutes have a long tradition of practical re-
search, which is usually carried out in cooperation with private 
companies. 
The most important DLO institute for potato breeding is the Centre for 
Plant Breeding and Reproduction Research (CPRO-DLO) in Wageningen. 
The research institutes that merged in the late 1980s into the CPRO-DLO 
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were already involved in extensive potato research. The Foundation for 
Plant Breeding (SVP) was mainly practically-oriented and engaged in the 
development of crossbreeding parents. At the ITAL foundation, the pred-
ecessor of the Department of Molecular Biology of the CPRO-DLO, re-
search on genetic engineering of potatoes was started in 1984. At that 
time, the potato was selected for several reasons; it was an excellent model 
crop, it was of great economic importance to Dutch agriculture, and the 
cultivation of potatoes was connected to a high disease pressure. The po-
tato has always remained the most important crop in research on genetic 
engineering. 
The Department for Molecular Biology of the CPRO-DLO is working 
on two research programmes in which transgenic potatoes play a leading 
role. First of all, molecular-biological techniques for the benefit of breed-
ing research itself are being developed. This involves, among other things, 
the construction of a gene map (in cooperation with the LUW), and locat-
ing the genes responsible for resistance against nematodes. Furthermore, 
methods and techniques from the first programme are applied to the in-
troduction of durable resistance against diseases and pests. Primarily, the 
focus is on those genes that cannot be transferred by crossbreeding, but 
only by genetic engineering. Other research at the CPRO-DLO with trans-
genic potatoes aims at improving bacterial and fungus resistance. 
In the area of breeding research, the relationship between research in-
stitutes and private breeding companies has changed. Research at the 
DLO institutes has shifted in the direction of fundamental research, 
whereas the practical crop research is left more and more to the breeding 
companies themselves. The CPRO-DLO presently focuses more on the 
development of new breeding techniques which can be applied by the tar-
get group at a medium term. This new priority in breeding research was 
caused by a number of related reasons. First of all, the government spend-
ing on agricultural research came to a standstill. Less money impelled 
clarifying priorities. Secondly, the universities could not meet the increas-
ing demand for basic knowledge. DLO institutes had to contribute more 
and more. In the third place, the increased research efforts of the private 
companies gave cause to revise the assignment of tasks between govern-
ment and business. And finally, the appearance of biotechnology was a 
new challenge for institutes to work on. With a stable or decreasing 
budget, this interest in biotechnology diminished the efforts in other 
fields. 
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3.3 Biotechnology companies 
The appearance of biotechnology has enlarged the traditional system of 
potato breeding, consisting of the Department of Plant Breeding of the 
LUW, the CPRO-DLO and the breeding companies with a new group of 
actors, the so-called 'new biotechnology companies'. Biotechnology com-
panies are those companies that are established especially for the com-
mercialization of biotechnological knowledge. These companies often 
originated from universities where employees saw possibilities to gain 
pecuniary advantage of their biotechnological knowledge by starting a 
private research business. Two Dutch biotechnology companies, as well as 
one Belgian company, are involved in potato breeding in the Netherlands: 
MOGEN in Leiden, Keygene in Wageningen and Plant Genetic Systems 
(PGS) in Ghent. The activities of these companies are discussed below. 
MOGEN International, founded in 1985, has three special areas of re-
search: 1) protection of crops, especially disease resistance; 2) improve-
ment of crops, aimed at producing enzymes within or outside plants; and 
3) technology development. The latter is especially meant to support the 
other two. MOGEN's research is not specifically aimed at crops, but is 
problem-oriented. Crop protection research involves development of 
crops with resistance against important viruses, fungi, bacteria and in-
sects. 
Viral diseases in potatoes were selected as the first crop/problem com-
bination to be studied. This choice was prompted by the economical im-
portance of potatoes on the one hand, and the state of the technology on 
the other. In 1986, when MOGEN started this research, is was not yet 
possible to obtain other resistance through genetic engineering. As a com-
mercial company, however, they had to prove that they possessed the 
knowledge and the technology of genetic engineering. MOGEN proved its 
skill by developing the PVX-resistant transgenic potato. The interest of 
Dutch potato growers for a PVX-resistant potato variety is however small, 
because PVX is not a serious disease in the Netherlands. By using multi-
plication via tissue culture and strict control, the disease can be checked 
reasonably well. In countries around the Mediterranean this is not so easy, 
resulting in a continuous demand for virus-free seed potatoes from the 
Netherlands. A virus-resistant variety could render this import redun-
dant, and thus become a threat to Dutch seed potato export. 
The second problem in cultivating potatoes MOGEN aims at are fungi. 
World-wide, the fungus Phytophthora is the most important problem. 
MOGEN is working on the insertion of fungus resistance into the potato. 
This research is financially supported by the breeding company KARNA 
(a division of starch producer AVEBE) and carried out in cooperation with 
the LUW and the University of Leiden. In 1992, MOGEN and KARNA 
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carried out the first field trials with fungus resistant potatoes. In its third 
research project, MOGEN tries to solve the problem of nematodes. This is 
a major problem, mainly in the cultivation of industrial potatoes. At the 
moment, many soil disinfectants are used to control the nematodes, which 
is undesired from the environmental point of view. This research by 
MOGEN is also financially supported by AVEBE. 
Contrary to MOGEN, Keygene emerged from an initiative of breeding 
companies themselves. The company was set up in 1989 by Rabobank 
Nederland and five breeding companies of agricultural and horticultural 
crops. These five are: Royal Sluis, De Ruijter en Zonen, Enza Zaden, 
Ropta-ZPC Research and Cebeco Zaden. Keygene's research concentrates 
on two areas. In the first place, they work on the development of molecu-
lar-biological selection methods. By means of these new selection tech-
niques, results of a classical breeding experiment can be ascertained much 
quicker and, in doing so, speed up the entire breeding process. This accel-
eration is in great demand, especially in potato breeding where the 
development of a new variety takes twelve to fifteen years. Secondly, Key-
gene works on the improvement of resistance against viruses and fungi in 
vegetable crops. For potato production, Keygene carries out research into 
sensitivity to bruising (see paragraph 2.4). 
The Belgian biotechnology company Plant Genetic Systems (PGS) is 
one of the world's oldest and best-known biotechnology companies. PGS 
was founded by Professor Van Montagu in 1983. This professor in micro-
biology at the University of Ghent stood at the cradle of the genetic en-
gineering technology. PGS's research is directed at the development of 
molecular-biological technology for selective breeding of plants, but also 
at the development of prototypes for commercial breeding. In the applica-
tion of genetic engineering three areas of special attention are distin-
guished: insect resistance, herbicide resistance and hybrid-technology. 
The first experiments in genetic engineering of plants were carried out 
with tobacco, potatoes and tomatoes (all three belonging to the Solanaceae-
family). As a result, PGS has acquired substantial knowledge of genetic 
engineering of potatoes. This knowledge has been applied to, among 
other things, the development of herbicide-resistant potatoes (against the 
herbicide Basta), insect-resistant potatoes (against the potato tuber moth) 
and bacteria-resistant potatoes (against Erwinia bacteria). 
3.4 Potato breeding companies 
All major Dutch potato breeding companies are involved in research on 
transgenic potatoes. The actual genetic engineering is carried out by a 
DLO institute, the Department of Plant Breeding of the LUW or a bi-
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otechnology company. The breeding companies carry out the field trials 
to see if the modification has produced the desired results, and if the 
transgenic plants are suitable for further variety development. 
Potato breeding companies have various motives to work with trans-
genic potatoes. After all, genetic engineering offers new possibilities in 
breeding: inserting new traits and/or improving the existing traits. The 
main priority in potato breeding is the improvement of resistance against 
diseases and pests, because the present use of pesticides has to be cut 
back. The use of genetic engineering in the improvement of resistance is 
selected when it is clear that conventional means lead to little or no pro-
gress. This, for instance, applies to bacterial diseases (Enoinia) and to fun-
gal diseases {Phytophthora). At the same time, applying genetic 
engineering could lead to some gaining of time. Potato breeding is a time-
consuming process. Between the moment of crossbreeding with genitors 
up to the entry in the variety list, usually a period of twelve to fifteen 
years elapses. Application of genetic engineering could shorten this 
process by three to four years. This acceleration in the breeding process 
concerns, for instance, transgenic potatoes with an altered starch struc-
ture. 
As mentioned before, all major potato breeding companies carry out 
field trials with transgenic potatoes. The new traits of these transgenic po-
tatoes reflect the priorities that the various companies give to their breed-
ing programmes. Companies that mainly develop varieties for export, will 
especially look at cultivation problems in the importing countries. An ex-
ample of this is the company Hettema, which carries out field trials with 
transgenic potatoes resistant to the potato tuber moth. Another example is 
the potato breeding company KARNA, which uses its breeding pro-
gramme to look at agricultural qualities, as well as at the suitability for 
starch production. As far as agricultural qualities are concerned, re-
sistance against nematodes is an important goal for which molecular 
breeding is deployed. 
Next to investments in their own research or contract research, potato 
breeding companies are collectively involved in research on transgenic 
potatoes. As early as in the 1980s, biotechnological research on behalf of 
plant breeding was (co)financed. All plant breeding companies together 
put up five million guilders in the period 1984-1988 as part of the Innova-
tion Fund for Plant Breeding (InPla). Four projects were especially aimed 
at potato breeding. Nowadays every year DFL 250,000 is made available 
through the Foundation for the Promotion of Potato Research (SSA) for 
breeding research at, among others, the Department of Plant Breeding and 
the CPRO-DLO. Collective research is also financed by the Dutch Potato 
Association (NAA). The NAA, however, is a consultative body for all po-
tato research, so it covers more than just breeding. On a yearly basis the 
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NAA can spend approximately one million guilders. Thirdly, genetic en-
gineering of potatoes is financed by the Commodity Board for Potato. 
3.5 Potato growers 
Potato growers are not directly involved in both research on and field 
trials with transgenic potatoes. As they are the clients of the potato breed-
ing companies, they are able to influence the direction of potato breeding 
by making their wishes known. However, these demands usually concern 
problems in the present cultivation, whereas a new variety will not be 
available within a short term. For this reason, expectations of the potato 
breeders concerning the future market play an important part. This long 
term of variety development consequently leads to the unwillingness of 
the potato breeders to make final statements either for or against genetic 
engineering of potatoes at this moment. They wish to leave all options 
open for the future. 
Most breeding companies are part of cooperations that trade the po-
tatoes of their members (as is the case with Cebeco, Ropta-ZPC and Ag-
rico). This essentially gives member growers the possibility to influence 
the research policy of the potato breeder and to make a statement on the 
desirability of certain applications of genetic engineering. It has not been 
examined to what extent this actually happens. 
3.6 Processing industry 
The potato processing industry consists of companies that process in-
dustrial potatoes to potato starch and those which process ware potatoes 
to potato products such as chips, crisps and mashed potatoes. The pro-
duction of potato starch in the Netherlands is entirely controlled by 
AVEBE in Veendam. This company is the largest producer of potato 
starch and potato starch derivatives in the world. It is a cooperative of ap-
proximately 6,500 potato growers. In 1992 AVEBE produced 1.2 million 
tons of potato starch and derivatives. Approximately 45% of the potato 
starch is sold to the food industry. The remaining part is processed further 
into derivatives, which are used in, for instance, the paper and textile in-
dustry. Around 80% of the total production of starch and derivatives is 
exported. 
AVEBE is an important financier of Dutch research on transgenic po-
tatoes. It contributes to the financing of the research that MOGEN carries 
out into fungus resistance and nematode resistance. Furthermore, money 
coming from AVEBE helped to develop the amylose-free potato. In com-
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parison with other companies in the potato branch, AVEBE is a very large 
enterprise, with a long tradition and a relatively high investment in R&D 
activities. 
An ever increasing part of the ware potatoes cultivated in the Nether-
lands, is processed into potato products. In 1980, 757,000 tons were in-
dustrially processed; in 1990 this had increased to 1,969,000 tons. At 
present approximately half of all Dutch ware potatoes are intended for in-
dustrial processing in the Netherlands. The ease of preparation and the 
possibilities for variation specifically popularize these potato products. 
The average Dutch consumer eats 28 kg potato products a year, next to 
56 kg of fresh potatoes. Apart from that, the foreign consumers are also of 
great importance to the Dutch potato processing industry, because over 
80% of the total amount of potato products is sold abroad. 
Most Dutch potato processors are only indirectly involved in genetic 
engineering of potatoes, via research financing of the Commodity Board 
Potato and through the European Chips and Snack Association (ECSA). It 
is, however, to be expected that the direct involvement will increase in the 
next few years, through a more intense contact with potato breeders. The 
strengthening of the relationship between breeding and processing has 
economical, as well as technical reasons. The increase of industrial pro-
cessing has put the companies on an important place in the potato chain. 
Linked to this, is the greater attention to traits in breeding which are espe-
cially in demand in the industry. More and more attempts are made to 
develop specific 'process varieties'. A third reason is the vertical coordina-
tion in the potato chain. This coordination especially takes shape in the 
form of fine tuning between various links of the chain. Because an ever in-
creasing emphasis is put on the quality of the (final) product in marketing, 
retail businesses and the processing industry try to find ways to exercise 
supervision over breeding and cultivation. Many quality aspects of po-
tatoes and potato products are, after all, determined in breeding and culti-
vation. Genetic engineering is the technology that offers a wider range of 
possibilities to actually improve characteristics that are desired by the pro-
cessing industry. 
3.7 Government 
The Dutch government is in different ways, either directly or indirectly, 
involved in research on transgenic potatoes. The policy regarding bi-
otechnology is usually subdivided into innovation policy and admittance 
policy. On the one hand, the government subsidizes research on and 
development of transgenic potatoes as part of her policy to stimulate tech-
nological innovation. On the other hand, the government regulates the 
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use of transgenic potatoes to guarantee the safety for people and environ-
ment. 
The technology incentives policy was set up in the 1980s, because bi-
otechnology was regarded as the key technology for future economic 
development. By subsidizing fundamental as well as applied research, the 
government wanted to stimulate the development of biotechnology, with 
the purpose of improving the international competitive position of agri-
culture and agro-industry. Within this framework, a number of tech-
nology incentives programmes were set up, especially by the Ministry of 
Economic Affairs. The development of biotechnology was also stimulated 
by the EC by means of making research grants available. 
In the 1980s, the Innovation-Oriented Biotechnology Research Pro-
gramme (IOP-b) was the most important incentives programme by which 
the Ministry of Economic Affairs promoted fundamental biotechnological 
research. The Ministry (LNV) set up a specific incentives programme for 
agricultural biotechnology as part of the IOP-b. This programme ran from 
1987 till 1992, was managed by the Programme Committee Agricultural 
Biotechnology (PcLB) and had a budget of over thirteen million guilders. 
At the end of the 1980s, the emphasis in the technology policy shifted 
from fundamental to applied research, particularly by private companies. 
Since 1987 the Ministry of Economic Affairs subsidizes private bi-
otechnological research by means of the PBTS-biotechnology programme. 
This programme co-finances biotechnological research by private compa-
nies. Interviews showed that all major potato breeders received grants 
from the PBTS. For them, the availability of subsidies was an extra incen-
tive to invest in biotechnological research. All plant breeding companies 
made a relatively large appeal to the PBTS-regulation. Of all 240 projects 
in the period 1987-1991, 53 (22%) related to selective breeding of plants 
(Ministerie, 1993b:45). Potato breeders in the north of the country (like 
KARNA and Ropta-ZPC) also applied for grants under the ISP pro-
gramme, which is especially meant for stimulating innovative invest-
ments in the northern provinces. 
Besides the above-mentioned incentives programme, the Ministry 
(LNV) also finances biotechnological research via the regular financing of 
agricultural research. The policy of the Ministry (LNV) focuses on re-
sistance breeding, using especially fundamental-strategic research on the 
development of resistance against damage by fungi, bacteria, viruses and 
nematodes (Ministerie, 1993a: 39). 
The policy of registration and approval of the government indicates the 
conditions for use of genetic engineering techniques. This mainly concerns 
the demands with regard to safety to people and environment of geneti-
cally modified organisms (gmo's). These regulations concerning the pro-
tection of people and environment affect the restrictive use of gmo's 
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(meaning, in separate laboratories or greenhouses), the purposeful intro-
duction of gmo's into the environment and the protection of employees. 
These regulations have already been operational for a number of years. 
Research projects and field trials with transgenic potatoes have to meet 
the safety standards as described in the aforementioned regulations. 
A decision about the safety of agricultural products that have been pro-
duced by means of genetic engineering has not been made yet. Mean-
while, an agreement has been reached that these types of products should 
comply with extra safety regulations. The content of these extra regula-
tions is under discussion at the moment by scientists, government as well 
as social groups. For transgenic potatoes this implies that, as yet, it is still 
not clear what demands have to be met in order to release them for con-
sumption. 
Next to the national government, the incentives and regulatory policy 
of the EC also has to be mentioned. Although the number of technology 
programmes of the EC is still small compared to the national pro-
grammes, there is a tendency to shift subsidy activities from The Hague to 
Brussels. The EC is a very important actor in the regulatory policy. Espe-
cially in the area of new technologies and new products the EC tries to set 
up community regulations, before all member countries draw up their 
own. The (EC) regulations regarding safety of transgenic agricultural pro-
ducts are discussed in the next chapter. 
3.8 Conclusion 
In the introduction of this chapter, a distinction was made between ac-
tors that supply the new technology and the actors that demand the tech-
nology. The first category primarily consists of research institutes and 
biotechnology companies that show the technical options. The second 
group consists of potato breeding companies and their customers, who 
face problems for which genetic engineering might offer a solution. 
In everyday practice this distinction is often difficult to make, because 
technological development is an interactive process between suppliers 
and users of (new) technologies. Still, there are two reasons for making 
this distinction. First of all, there are as yet hardly any users of bi-
otechnology. The first transgenic potatoes were primarily developed from 
the angle: 'What is technologically possible?'. It was not until later that 
they thought of commercial applications. Secondly, the distinction be-
tween suppliers and demanders of technology clarifies who plays which 
part in the whole process of technological development. It turns out, for 
example, that the research institutes and new biotechnology companies 
are important in showing the possibilities of genetic engineering. In the 
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end, however, the potato breeding companies are on the basis of their 
own priorities the ones that decide which of the transgenic potato varie-
ties they want to market. Because commercialization of the research re-
sults on transgenic potatoes goes through the sale of new varieties, the 
potato breeding companies are the crucial link. 
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4. SOCIAL ASPECTS 
4.1 Introduction 
Genetically modified potatoes are one of the first agricultural bi-
otechnology products to appear on the market. The introduction of trans-
genic crops, however, is not enthusiastically welcomed by everyone. 
Currently, an extensive social discussion takes place concerning pros and 
cons, the extent of regulations, and the desirability of specific applications. 
The merits of biotechnology are discussed in politics, especially regarding 
the ethical implications and the extent to which this new technology 
should be promoted and regulated. 
Three categories of social aspects can be discerned in the social and 
political discussion on transgenic crops: safety aspects, socio-economic 
aspects, and ethical aspects (Straughan, 1990). The safety aspects concern 
safety for human consumption of (products of) transgenic crops, as well 
as safety for the environment. Although everyone agrees that such pro-
ducts should be safe, there is a difference in opinion about the strictness of 
the safety regulations, and what risk analyses new products should have 
to undergo before they are admitted into the environment or on the 
market. 
The socio-economic aspects deal with the effects on agriculture, the 
supplying companies and the processing industry (food industry). Who 
benefits from the new technology, and who faces the disadvantages? 
These questions also have to be asked with regard to developing coun-
tries: which countries and socio-economic groups will benefit and which 
will only be harmed by them? Judicial and political issues are linked to 
the socio-economic aspects. It remains to be seen if those responsible for 
commercial and political decisions on genetically modified crops also 
show consideration for the interests of those confronted with the harmful 
consequences (especially when this concerns less powerful groups). 
Ethical aspects involve the assessment of biotechnology on the basis of 
religious or other metaphysical beliefs: is genetic engineering 'natural'? 
Personal opinions about interfering in nature and the point where some-
one draws the line, play an important part. 
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In this chapter we will elaborate on these categories and, while doing 
so, especially focus on transgenic potatoes. 
4.2 Environmental safety 
The discussion about the environmental safety of genetically modified 
organisms (gmo's) has already been going on for a number of years. In the 
1980s the risks of gmo's and the way in which these risks should be 
limited were discussed in depth, both on national and international level. 
This discussion led to a European and national legislation for the protec-
tion of people and environment. 
The restricted use (inside greenhouses, laboratories, etc) of gmo's in the 
Netherlands is regulated in the Environmental Protection Act. Permits for 
the use of gmo's are granted by municipal councils and the Ministry for 
Housing, Regional Development and the Environment (VROM), after 
having sought advice from the Provisional Committee on Genetic Modifi-
cation (VCOGEM). The VCOGEM is a scientific advisory committee, 
which advises on the risks linked to the production of and dealings with 
gmo's. The Dutch legislation is a national interpretation of the EC-direc-
tive 'Restricted use of genetically modified micro-organisms' (EC 90/219). 
Deliberate release of gmo's into the environment is regulated in the 
Provision for Genetically Modified Organisms of the Environmentally 
Dangerous Substances Act (BGGO/WMS). This Provision concerns all 
gmo's (animals, plants and micro-organisms) that are introduced into the 
environment. Permits are granted by the Minister of VROM, after having 
obtained advice from the VCOGEM. The VCOGEM particularly looks into 
the following two matters. First of all, is the gmo a direct threat to human 
health and to the environment? Secondly, is it possible that the newly in-
troduced trait is transferred to other organisms and could they, con-
sequently, contain a risk for people and environment (develop into a pest, 
for instance)? The Provision GMO is the national implementation of the 
EC-directive 'Deliberate release of genetically modified organisms into the 
environment' (90/220). This directive starts from the 'case by case' and 
'step by step' principles, which have been developed by the OECD. These 
imply that each introduction into the environment is assessed as a sepa-
rate case and that the regulations in the course of time, as more and more 
experience is gained, can be adjusted (the regulations can become either 
less or more strict). The EC-directive for deliberate release has two proce-
dures, namely a national procedure for approval of field trials and com-
munity procedures for approval for the trade phase. 
Finally, there is an EC-directive 'Protection of employees'. This one 
regulates the protection of employees against possible pathogenic micro-
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organisms, including gmo's. This directive will be implemented through a 
General Administrative Order on the basis of the Occupational Health 
and Safety Act (ARBO). 
Despite these regulations, the social discussion about the environmen-
tal effects of transgenic agricultural crops has not ended. Environmental 
organizations in particular emphasize the possible short- and long-term 
risks of transgenic plants. 
Environmental organizations primarily criticize the extent of the obli-
gatory risk analyses. According to them, much more research should be 
carried out into the unintentional side effects, the risk analyses should be 
much more extensive and the set-up should take much more time. Also, 
the risks of transfer of (new) genetic material from the culture plant to 
wild varieties should be examined more closely. In the Netherlands, un-
desired transfer of genetic material through crossbreeding with wild 
varieties will probably not occur for the potato (Evenhuis and Zadoks, 
1990). Gene transfer to wild varieties probably does happen when trans-
genic potatoes are cultivated in South-America. Whether this will lead to 
adverse ecological effects depends on the traits that are transferred. 
The second point of criticism of the environmental organization con-
cerns the risk of pests becoming resistant to toxins. This may occur when 
Bacillus thuringiensis genes are inserted in potatoes. These genes code for 
toxic proteins that can control the potato tuber moth. Intensive use of this 
toxin may lead to immunity of the potato tuber moth, making a biological 
pesticide with this toxin obsolete. 
In the third place, environmental organizations have major objections 
to the introduction of herbicide-resistant crops. Here also the danger is 
lurking that weeds become resistant due to extensive use of certain chemi-
cals. These organizations also point out that insertion of herbicide re-
sistance will most likely lead to an increased use of herbicides. This is 
completely opposite to the desired reduction in the use of chemicals. 
So, while regulation already exists to restrain the environmental risks 
of transgenic plants, the social discussion about the seriousness of the risk 
and the adequacy of the existing regulation, still continues. This paradox 
is mainly caused by a split in the social assessment of transgenic crops. 
According to Sarink et al. (1991) the social discussion about environmen-
tal effects of transgenic crops takes place in two, more or less separate, 
communication networks. One network consists of people and organiza-
tions within research institutes, biotechnology companies and the govern-
ment. This network is, to a large extent, responsible for the regulation 
concerning environmental risks. The other network consists of social or-
ganizations like environmental and consumers' organizations, church 
groups, farmers, and animal welfare organizations. Actors in both net-
works evaluate the environmental effects of transgenic crops from sepa-
34 
rate viewpoints. Organizations belonging to the first network emphasize 
the potential advantages (also for the environment) of transgenic plants. 
They look upon genetic engineering as a scientific or economic challenge 
which ultimately has more advantages than possible harmful effects. The 
organizations of the second network ask for more attention to possible 
hazards, especially in the long term. They wonder whether genetic en-
gineering is appropriate in the pursuit of sustainable agriculture. In doing 
so, the environmental effects are assessed in coherence with other benefits 
and disadvantages, in which socio-economic and ethical aspects also play 
a part. 
A number of potato breeders regard the regulations on field trials with 
transgenic potatoes as being too strict. There are too many precautions 
against undesired gene transfer. Too many forms have to be completed 
and too much (sensitive) information has to be provided. This leads to 
extra costs and sometimes even to a delay in research. At the same time, 
they are thoroughly aware of the significance of strict regulation in order 
to achieve a social basis for the acceptance of transgenic crops. In view of 
the scepticism towards the safety of genetically modified agricultural pro-
ducts, the social acceptance will be served better by more strict rather than 
by more lenient safety rules. 
4.3 Consumption safety 
The risk of genetically modified agricultural products has led to ques-
tions amongst authorities and other parties involved as to how the con-
sumption safety of such products can be guaranteed. Are the present 
regulations regarding consumption safety of agricultural products ade-
quate or should new criteria and testing procedures be developed? 
Several national authorities have proposed assessment strategies for con-
sumption safety of transgenic agricultural products. These proposals have 
been listed and evaluated by Kok (1992). Only the US has already intro-
duced guidelines, in all other countries the discussion about the proposals 
has not been concluded yet. 
Two issues come up in all proposals (Kok, 1992: 48). The first one is the 
necessity to compare a transgenic product to its conventional counterpart. 
Can we say that they are 'substantially equivalent'? The second one is, as 
mentioned in the environmental safety paragraph, the 'case by case' ap-
proach. For transgenic potatoes this concept of substantial equivalence 
means, that they will be compared to non-modified potatoes. It is not yet 
clear, what exactly will be compared; is it about 'objective' criteria, or does 
the perception of the consumer also play a part? A side effect of using the 
concept of substantial equivalence is that more research will have to be 
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carried out into the safety and health of conventional potato varieties. 
After all, information on the presence of and the variation in nutrients and 
other substances in specific varieties is needed. 
The case by case approach implies that assessment criteria are deter-
mined in each case. This means that the assessment procedure for trans-
genic potatoes may change as time goes by. This change can result in 
either more flexible or more strict safety rules. Although this procedure 
might lead to insecurity among consumers and producers, presently this 
is considered the best method. 
One of the most difficult points in the discussion about new assessment 
strategies is the interpretation of the concept of safety. Even though all 
those involved are convinced that genetically modified agricultural pro-
ducts can only be marketed if they are safe, the interpretation of the 
aspects safety and health differs somewhat. Safety is a normative concept. 
When determining criteria for the consumption safety of transgenic food-
stuffs, risks have to be defined and (normatively) assessed. Some of those 
involved only take scientific risks into consideration when assessing the 
risks of genetically modified agricultural products, while others put the 
discussion on safety in a much broader framework of sustainable develop-
ment. 
4.4 Socio-economic aspects 
Essentially the introduction of transgenic potatoes, in one way or 
another, could have economic consequences for all parties involved in 
production, trade and consumption of potatoes. These parties are: potato 
breeders, potato growers, traders (wholesale trade, export, retail), in-
dustrial processors and consumers (see figure 4.1). But research and 
development of transgenic potatoes could also bring about economic con-
sequences for the companies and institutes involved. Because it is very 
difficult to make a qualitative assessment of the socio-economic effects of 
the introduction of transgenic potatoes, we will restrict ourselves to a 
qualitative analysis of possible effects. 
The development of a transgenic potato variety is an expensive and 
risk-bearing affair. Biotechnological research requires high investments 
and it is not clear if and when these investments can be earned back. With 
that, the problem of the protection of intellectual property arises. The pro-
tection of new varieties and the compensation of the actual breeding work 
is regulated via Plant Breeder's Rights (PBR). 
PBR provide the potato grower with the exclusive rights to trade the 
new variety for a number of years. In the Netherlands, PBR for potatoes 
are valid for a period of thirty years. 
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Figure 4.1 Dutch potato chain 
According to biotechnology companies, current PBR offer inadequate 
protection now that the techniques can produce a new variety in much 
less time. Because the present commercial lead of twelve years in potato 
growing (namely, the time needed to develop a new variety) can be re-
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duced considerably, a too short period would remain to earn back the in-
vestments. On national and international level it is currently taken into 
consideration to adjust PBR and/or to grant a patent on plants. While bi-
otechnology companies and some research institutes urge to grant patents 
on plants, potato breeders are proponents of strengthening PBR. 
The introduction of genetic engineering has already contributed to the 
concentration process among potato breeding companies, and will con-
tinue to do so in future. The development and introduction of transgenic 
potatoes is only possible for major breeding companies. On the one hand, 
because the investments in biotechnological research are high and full of 
risks. On the other hand, because meeting the high demands regarding 
quality and safety of transgenic potatoes involves considerable costs. 
This concentration of breeding companies is not restricted to the potato 
industry. The breeding of other agricultural and horticultural crops has 
also lead to a considerable concentration of companies in the last few 
years (see e.g. Ruivenkamp, 1989). Dutch potato breeding differs from the 
general tendency because the breeding companies are relatively small, in-
ternationally speaking, and are not part of multinational agrochemical or 
food companies. There is a chance that this will change in the future. 
A transgenic potato with improved protection against diseases and 
pests will involve a shift in the costs for the potato grower: lower expendi-
ture on crop protection and higher spending on seed potatoes. If the intro-
duction of transgenic potato varieties leads to higher yield, the price of 
potatoes will probably drop. As in most innovations in agriculture, the 
economic gain will not accrue to the potato growers, but partly to the pro-
ducer of the innovation, in this case the biotechnology and/or breeding 
company, and partly to the consumer. The potatoes with improved 
storage- and processing characteristics will mainly provide an economic 
advantage to the industrial processor (reduced loss, more efficient pro-
cessing, and improved quality) and in the end also to the consumer. 
The introduction of transgenic potatoes also leads to a strengthening of 
the relations between the various links in the potato chain. First of all, it is 
important to the processing industry to be involved in the breeding busi-
ness, now that genetic engineering offers new possibilities. The breeding 
process can be geared even more to the demands of the processing in-
dustry, with regard to the quality of the final product, as well as the effi-
ciency of the manufacturing process. Industrial processors, therefore, act 
as financiers of breeding research. A second reason for the vertical coordi-
nation in the potato chain has to do with the difficult acceptance of trans-
genic agricultural products by the consumer. According to an OECD 
study, biotechnological innovations will only be successful when buyers 
(processors, retailers, as well as consumers) give their approval to actual 
applications (OECD, 1992). And this approval will only be expressed 
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when the buyer is convinced that the transgenic potato indeed implies 
qualitative improvements. Quality here concerns the characteristics of the 
product as well as of the production process (e.g. the impact on the en-
vironment). This is why the necessity of consent promotes consultation 
between the various links in the production chain. 
The size of the economic effects of the introduction of transgenic po-
tatoes mainly depends on the extent and the speed at which these new po-
tatoes are accepted by the consumer. This does not only apply to the 
Dutch consumer. Because the largest part of the Dutch potato production 
is sold abroad, the acceptance of the foreign consumer is also of great im-
portance. The topic of public acceptance is discussed further in chapter 5. 
4.5 Ethical aspects 
Genetic engineering is a fundamentally new technology by which re-
production, growth and metabolism of the plant can be altered at molecu-
lar-genetic level, in a way that was not possible before. It is used to give 
traits to plants that cannot be found in nature. An example of this is the 
transgenic potato which has been made resistant to insects by inserting 
genes, originating from bacteria. As a result of this border- crossing char-
acter of genetic engineering, many people ask themselves how far we can 
go with this technology. 
Often, the ethical objections against this technology are based on re-
ligious or other metaphysical beliefs. Parts of organic agriculture, inspired 
by anthroposophy, complain about the reductionist character of genetic 
engineering (Lammerts van Bueren, 1993). Reductionism means that phe-
nomena can only be understood by looking at the more simple constitut-
ing parts. In a reductionist view, the plant is exclusively considered as a 
means of production, as a machine. Genetic engineering enhances this 
view, because in this technique characteristics of the plant are reduced to 
the responsible genes, without considering the relationship between the 
plant and its surroundings. In fact, the plant is more and more being 
detached from its surroundings. Anfhroposophs on the contrary, see the 
plant as an organism which lives in interaction with its surroundings, as 
part of an agricultural ecosystem (Lammerts van Bueren, 1993). 
Ethical objections only play a minor part in the social discussion about 
transgenic potatoes. After all, most attention is paid to the environmental 
and safety discussion. One of the explanations is that environmental and 
safety aspects are easier to catch in technical criteria on which agreement 
can be reached. Still, ethical aspects do play a part in the background. 
Many people feel uncomfortable about genetic engineering, without con-
verting this feeling into explicit objections. 
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4.6 Other social aspects 
The above-mentioned ethical aspects deal with personal interpretations 
concerning the 'naturalness' of genetic engineering. Personal opinions and 
the norms and values on which these are based also play an important 
part in other social aspects around transgenic crops. Occasionally, the 
ethical aspects, as mentioned in paragraph 4.5, are called 'narrow ethics', 
whereas the normative assessment of the other aspects is called T>road 
ethics'. To prevent confusion we will discuss broad ethical aspects under 
the heading 'other social aspects'. 
The following social aspects do not specifically concern transgenic po-
tatoes, but genetically modified crops in general. Because these aspects 
have not been examined more closely, they are only explained in brief. 
1. Decision-making procedures. What procedures should be followed with 
regard to the research on and application of transgenic crops? Who are 
involved in the procedures? What matters should be decided upon? 
What criteria should be used in the assessment of e.g. safety? Due to 
the importance of genetic engineering on the one hand, and uncertainty 
about the effects on the other, many parties in society consider it of the 
utmost importance to be involved in the decision-making process. The 
consideration between short- and long-term effects is an important 
aspect in the discussion about decision-making procedures. Short-term 
solutions are often chosen in (political) decision-making at the expense 
of the long- term effects. What does that mean for decision-making con-
cerning a technology that will only have a far-reaching impact in the 
long run? 
2. Distribution of advantages and disadvantages. Every new technology 
brings along advantages and disadvantages. The question is who bene-
fit from the advantages and who are confronted with the disadvan-
tages. Do the latter have sufficient possibilities to protect themselves, or 
will they receive compensation by the government or by those who 
benefit from this new technology? With regard to genetically modified 
food crops several groups in society fear that the advantages will only 
go one-sidedly to the companies that develop this technology, usually 
large agrochemical companies, and that the risks will be transferred to 
the (small) farmers and the environment. How can we ensure a just dis-
tribution of assets and liabilities? 
3. North-South relations. The question is what effect the development of 
genetically modified crops in the industrialized countries will have on 
developing countries. Will it enlarge or rather reduce the gap between 
North and South? It deals with the effects of technological possibilities 
like substitution of raw material, increase in productivity, and cultiva-
tion of originally tropical products in temperate climate regions. 
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Should compensation be offered in case of deterioration of the trade 
balance between North and South? 
4. Effect on the world food supply. Genetically modified crops can contribute 
to the increase of productivity in agriculture. This is especially impor-
tant for developing countries, where the population often increases 
more rapidly than the food production does. This does not mean that 
genetically modified crops could solve the present famine problem, be-
cause famine usually is a political-economic and not an agronomic 
problem. Thus, a consideration should be made between investments in 
biotechnological research and investments in other methods to secure 
the food supply, including improvement of present cultivation prac-
tices. 
5. Sustainable development. The introduction of genetically modified crops 
takes place in a period in which there is a critical view on the en-
vironmental effects of new and existing techniques. At the introduction 
of new products and techniques it is reviewed whether or not they fit in 
a sustainable development of agriculture and nature. Sustainable 
development, however, is a vague notion, that everyone interprets 
differently. Consequently, the relationship between transgenic crops 
and sustainable development is also interpreted differently. Particu-
larly, the long-term environmental risks lead to different opinions. 
Developers of transgenic crops usually emphasize the advantages and 
are prepared to accept certain risks. Critics emphasize the risks and 
conclude that it is desirable to apply stronger safety measures and to 
carry out further risk assessment. The critics also emphasize that there 
are sufficient alternatives available for transgenic crops in order to 
solve the same problems. According to proponents these alternatives 
do not offer sufficient (economic) perspectives. 
6. Freedom of choice for the consumer. The last but not least important ethical 
issue on transgenic crops is the extent of free choice for the consumer. 
Consumers' organizations in particular urge that the consumer should 
be able to choose between modified and non-modified food products. 
How can we ensure this freedom of choice? Freedom of choice sup-
poses two issues: different options to choose from, and freedom to 
choose. Who looks after the variety of options? Is it the market, or does 
the government also play a role? Should every consumer be offered the 
same variety? How is the freedom of choice guaranteed? For example, 
how does a consumer know if the potato he/she buys in a shop is pro-
duced either with or without the help of genetic engineering? That is 
why consumers' organizations plead for labelling transgenic food pro-
ducts. 
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4.7 Conclusion 
In this chapter we looked at a number of social aspects that are at stake 
in the discussion about genetically modified potatoes. While doing so, we 
made a distinction between safety aspects (safety for the environment and 
the consumer), socio-economic aspects, ethical and other social aspects. 
Ethical aspects also deal with norms and values that come forward in the 
discussion on safety and socio-economic effects. Most of these aspects are 
not restricted to potatoes, but apply to transgenic crops in general. 
Three sub-discussions can be distinguished: on the innovation policy, 
on the regulatory policy and on public acceptance. In all three sub-discus-
sions the various aspects more or less reappear. The aim of government 
innovation policy is to promote innovation in agriculture, horticulture 
and the food industry. The key question is what sort of innovation should 
be promoted and how that should be done. Or, in other words, what are 
the objectives and what instruments can be put into action? Critics of the 
present innovation policy state that relatively too much money is spent on 
biotechnological research and too little on research on alternatives, like or-
ganic farming. 
The regulatory policy provides criteria that have to be met in order to 
admit transgenic crops into the environment or on the market. As far as 
(large-scale) introduction of genetically modified organisms into the en-
vironment is concerned, the regulations are already operational. Still, the 
environmental organizations strongly criticize the criteria that are used at 
the moment. They state that the long-term effects on the environment 
have not been examined adequately. The discussion about the (safety) cri-
teria that genetically modified food has to meet before it is allowed to be 
marketed is still not finished. This discussion focuses on two questions: 
what are the safety criteria new products have to meet and what other cri-
teria should be included in the admittance procedure? Some social organi-
zations would also like to include socio-economic and ethical aspects in 
the admittance procedure. The problem is, however, that it is often very 
difficult to convert these aspects into unambiguous criteria and clear regu-
lations. The government will only guarantee the safety of transgenic pro-
ducts, and leaves other aspects to be discussed and possibly regulated by 
market parties or social organizations among themselves. These 'other 
aspects' also play a part in the acceptance of the transgenic potato by the 
consumer. In the next chapter we will take a look at the criteria that are 
relevant to the consumer in either accepting or rejecting genetically mod-
ified agricultural products. 
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5. CONSUMER ACCEPTANCE 
5.1 Introduction 
Now that the first genetically modified potatoes are expected to appear 
on the market within a few years, most parties involved ask themselves: 
how will the consumer respond? The consumer ultimately determines 
whether he/she wants to eat transgenic potatoes, and if so, under what 
conditions. The introduction of genetic engineering in potato breeding 
stands or falls with the consumer's confidence in the outcome of this new 
technology. 
The question of consumer's acceptance is not only important to compa-
nies that develop transgenic potatoes and that want to commercialize 
them. Acceptance is an important issue to the national government as 
well. The government, after all, has to find a middle course between ade-
quate safety guarantees for people and environment on the one hand, and 
stimulating innovation processes in agriculture on the other hand. Strict 
safety demands contribute to obtaining the consumer's confidence, but 
could also slow down the innovation process. Insufficiently strict meas-
ures, however, can lead to distrust and consequently to rejection of new 
products by the consumer. Social organizations place the acceptance of 
transgenic crops in a broad discussion on the ecological risks of traditional 
and new technologies, and on the safety and the utility of certain new 
foodstuffs. 
In the Netherlands and abroad, research has been carried out into the 
acceptance of biotechnology. Its focus was usually on the attitude of the 
public in general. Only some of the studies looked at consumer acceptance 
specifically. Eventually these are the most interesting studies, because 
they examine much more specifically how genetically modified foodstuffs 
are valued. 
In this chapter, the results of several national and international studies 
on the acceptance of biotechnology and genetically modified foodstuffs 
will be discussed. In paragraph 5.2 the focus is on the acceptance by the 
public in general (public acceptance), while paragraph 5.3 centers on the 
consumer (consumer acceptance). In paragraph 5.4 some suggestions are 
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made to stimulate acceptance. In paragraph 5.5 some conclusions are 
drawn regarding the possible acceptance of transgenic potatoes. 
5.2 Public acceptance 
Research into the assessment of biotechnology by the Dutch public has 
proven that the attitudes towards various applications are very diverse 
(Heijs et al., 1993). These attitudes vary from positive (environmental care, 
production of medicines, agriculture) via neutral (veterinary science, food 
industry), to rather negative (animal husbandry). The study examined, 
among other things, the connection between knowledge of specific appli-
cations of biotechnology and the attitude towards these applications. The 
level of knowledge of the Dutch public regarding biotechnology is gener-
ally quite low. This limited knowledge is, according to the authors, 
possibly a reason for the discovered neutral and divided opinions on 
some areas of application (like the food industry) and of the, mainly, 
emotional basis of the attitudes (Heijs et al., 1993: 63). 
The relation between knowledge and attitude regarding applications in 
agriculture is as follows. A greater familiarity and more interest are linked 
with a more positive attitude and assessment of the effects on the 
economy. In case respondents receive their information primarily from 
environmental organizations, the assessment that harmful consequences 
for the environment occur is made more often, and the attitude is less 
positive (Heijs et al , 1993: 45). 
This study concluded that there is a great need for information. The 
most prominent gaps in the information supply concern the effects on 
health and the environment and the verifiability of the consequences, fol-
lowed by the regulations, the limitations of possibilities and the implica-
tions for developing countries (Heijs et al., 1993: 56). 
Two other conclusions are of importance to the acceptance and possible 
purchasing of transgenic potatoes. Women, more often than men, find 
that normative boundaries are crossed regarding genetically modified 
food crops and they therefore show a less favourable attitude. This obser-
vation is essential, because the actual buying of food, and thus also of po-
tatoes, is especially done by women. Apart from that, research shows that 
attitudes are strongly connected to the intention for either buying or not 
buying. 
The acceptance of transgenic potatoes by the public abroad is also im-
portant to the Dutch potato branch. After all, Dutch potatoes are for the 
largest part sold abroad (see figure 4.1 on page 37). When foreign con-
sumers accept transgenic potatoes, it will be an extra incentive to Dutch 
breeders to market transgenic varieties. In the case of rejection of these 
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new varieties by the foreign consumer, breeders will take a much more re-
served attitude. For the time being the most important open question is, of 
course, what it means when a discrepancy occurs between domestic and 
foreign acceptance. 
A recent public survey by order of the Commission of the EC has in-
ventarized the knowledge of and opinions about biotechnology of 12,800 
adults in the entire EC (Marlier, 1992). This survey has brought forward 
some interesting differences between the individual member states. It 
turned out that inhabitants of the northern member states know more 
about genetic engineering than those of the southern member states. On 
the other hand, inhabitants of the southern member states are much 
stronger proponents of research into genetic engineering. This appears to 
be in contradiction to the conclusions from the Dutch public research, 
which concluded that more knowledge of genetic engineering in agricul-
ture leads to a more positive attitude. (The EC survey was about genetic 
engineering in general, so also on animals and people.) As far as the risks 
for man and environment are concerned, the population of the Nether-
lands, Germany and Denmark proved to be worried most. 
The public opinion in Germany, as well as in the southern member 
states, is of the utmost importance to the possible export of transgenic po-
tatoes. Germany is the most significant export market for both Dutch ware 
potatoes and potato products. The possibility of selling transgenic po-
tatoes in a short or medium term on the German market is very small. 
Countries around the Mediterranean form the largest export market for 
Dutch seed potatoes. Contrary to Germany, the population of France and 
southern Europe is less negative towards genetic engineering. These coun-
tries focus on the possible advantages of this new technology rather than 
on the possible dangers. 
5.3 Consumer acceptance 
Research into consumer acceptance of biotechnology in the Nether-
lands is primarily carried out by SWOKA Institute for Consumer Research 
(Hamstra and Feenstra, 1989; Hamstra, 1991, Hamstra, 1993). From this re-
search emerges that consumer acceptance of genetically modified food-
stuff is influenced by three elements: 1. the consumer's general opinion 
regarding the use of genetic engineering; 2. the consumer's concern about 
possible harmful effects; 3. product characteristics (Hamstra, 1991). 
Whereas previous research especially aimed at characteristics of the 
consumer (knowledge, attitude), most recent research focuses on product 
characteristics (Hamstra, 1993). First a list of characteristics that are impor-
tant to the consumer in assessing the product was drawn up. The main 
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factors that influence product assessment in a positive way are taste, suita-
bility to indulge oneself, health, safety and the contribution of the produc-
tion method to a good life for (grand)children. The acceptance is 
influenced in a negative way when a product could lead to physical com-
plaints and disruption of the natural balance and in the situation where 
only the producer benefits from it. Apart from that, they looked at the 
score that twenty different products obtained for each of these charac-
teristics. The products included traditional as well as biotechnological 
products. One of the biotechnological products was a herbicide-resistant 
potato. 
The following conclusions were drawn from this survey (Hamstra, 
1993: 40): 
1. There is a reasonable chance that consumers find the application of 
genetic engineering acceptable when: a) it does not concern animals; 
b) not only the producer gains benefit; and c) no negative effects are to 
be expected. 
2. Moral values and beliefs regarding nature are important in the assess-
ment of foodstuffs and their production methods. 
3. Products made with the use of genetic engineering are not necessarily 
less acceptable than products that were produced using other tech-
niques. Although products that are the result of genetic engineering 
generally are not valued less favourably than products made with the 
aid of physical or traditional techniques, in some cases they may be 
more acceptable than products made with the help of chemical tech-
nology. 
The herbicide-resistant potato received a rather negative assessment by 
the consumers. It is looked upon as being unnatural, relatively dangerous, 
and of moderate quality. Furthermore, this potato is considered to lead to 
a disruption of the nature balance. 
5.4 Broadening the basis for acceptance 
Proponents of the introduction are busy trying to find ways to enlarge 
the social acceptance of transgenic potatoes. A broad social basis is essen-
tial to a successful application of mis new technology. Various activities 
are required to obtain this basis. First of all, more information is needed. 
Correct and comprehensible information on the new technology, the regu-
lations, the risks, etc. The question is, however, who should supply this in-
formation. For an effective transfer of information, reliability of the source 
is of great importance. A public survey of the EC showed that over 50% of 
the Europeans consider environmental and consumers' organizations to 
be the most reliable sources of information on biotechnology. These or-
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ganizations therefore have a relatively strong influence on public accep-
tance of transgenic crops. 
The important role social organizations play in the dissemination of in-
formation to the public, poses a problem to the developers of the tech-
nique. In paragraph 4.2 it was already shown that there is a 
communication gap between developers of the new technology and the 
social organizations regarding the assessment of transgenic crops. In 
order to create a broad social basis for transgenic crops, this gap will have 
to be closed. A dialogue will have to be set up between parties from both 
networks (Sarink et al., 1991). In such a dialogue social organizations 
could point out which applications are either acceptable or unacceptable 
to them, and which considerations play a part in this. Developers could 
get an indication of the social basis for specific applications through such 
a dialogue and could give the social organizations the possibility to couch 
their involvement in the issue in a constructive form. 
A meaningful dialogue and the related mutual respect do not appear 
out of the blue. Lacy et al.(1991) indicate what is needed to achieve this. 
First of all, education should provide a basis for this kind of dialogue. This 
means that scientists and technologists should take more notice of the so-
cial aspects surrounding their work, and that the broader public should 
become acquainted with the biological and biotechnological processes. 
Secondly, there should be reliable institutes that take care of the dissemi-
nation of information. From the results of the EC survey follows that so-
cial organizations have an important task here. Thirdly, it should be clear 
who decides on regulations on genetic engineering. Finally, there is a need 
for institutes that facilitate and promote the dialogue. 
5.5 Conclusion 
There is still little to say with certainty about the acceptance of geneti-
cally modified agricultural products on the basis of various studies into 
public and consumer acceptance. It proved to be strongly dependent on 
the characteristics of the specific applications. The following expectations 
based on these studies can be expressed: transgenic potatoes are not unac-
ceptable beforehand; more knowledge on (the effects of) genetically mod-
ified crops could promote the acceptance of transgenic potatoes; 
transgenic potatoes that entail (real or supposed) negative effects for 
people and/or environment will not be accepted; transgenic potatoes that 
only favour the producer will face problems before being accepted; trans-
genic potatoes that provide a clear environmental advantage stand a good 
chance of being accepted. 
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The acceptance of genetic engineering of food crops in general implies 
the need to develop a broad social basis for the application of this new 
technology. In order to do so, social organizations oh the one hand, and 
technology developers on the other have to start a dialogue on the condi-
tions and desirability of actual applications. Social organizations have an 
extra responsibility where dissemination of information is concerned. 
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6. CONCLUSIONS 
In this publication, the dynamics behind the development and applica-
tion of transgenic potatoes in the Netherlands are described. These dy-
namics are determined by a large number of factors, like the state of the 
technique, the actors involved, the possible pros and cons, the assessment 
of the possible effects by different parties in society, the governmental 
policy concerning transgenic crops, and the acceptance by the consumer. 
This publication describes in what way these different factors either pro-
mote or hinder the development and introduction of transgenic potatoes. 
Genetic engineering is a form of technology that offers new possibilities 
in potato breeding. In the first place, the breeding process can go much 
quicker. Because new genes (with new characteristics) are purposefully in-
serted, some of the phases of crossing back, as is necessary in traditional 
breeding, can be left out. Secondly, new traits in potato varieties are intro-
duced. This enables the potato breeders to anticipate the demands from 
customers more efficiently, whether they are potato growers, industrial 
processors, or consumers. 
Potato growers want varieties with a better resistance against diseases 
and pests. Within the scope of environmental policy of the government 
and the increased attention of the consumer to the environmental effects 
of production methods in agriculture, potato breeders strive for a reduc-
tion in the use of chemical herbicides. A large part of the research with 
transgenic potatoes is therefore aimed at enhancing the protection against 
diseases and pests. 
Traders and the processing industry would like to have potatoes with 
improved storage and processing characteristics. In this way loss during 
storage or processing (into potato products) Will be limited and the qu-
ality of the final product can be improved. The processing industry in par-
ticular may become more and more involved in potato breeding. 
Technical and financial factors encourage à stronger relationship between 
potato breeding companies and the processing industry. Genetic engineer-
ing, after all, offers more possibilities to take the demands of the produc-
tion process and the wishes of the consumer into account in the breeding 
process. Next to that, the high expenditure of applying genetic engineer-
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ing in potato breeding asks for extra finances. The processing industry has 
much wider possibilities to provide these. 
The actual genetic engineering is usually carried out by research insti-
tutes or biotechnological companies, often at the request of potato breed-
ing companies. The field trials with transgenic potatoes are carried out by 
the breeding companies themselves, which also take care of the com-
mercialization of the new transgenic varieties. 
The application of transgenic potatoes involves advantages as well as 
disadvantages. These risks are primarily connected to safety for people 
and environment and the socio-economic effects. Next to that also ethical 
aspects come into play, especially regarding the question if crossing the 
natural boundaries is desirable. 
A problem in assessing and preventing the risks of transgenic crops is 
the uncertainty that comes with it. On the one hand, the technique of 
genetic engineering is still crude and inaccurate to an extent that makes it 
impossible to predict what the exact effect will be on the plant that is 
being modified. This uncertainty is especially of importance to the assess-
ment of consumption safety. On the other hand, the technology is still so 
new that it is not clear what the long-term effects will be. This uncertainty 
mainly concerns the assessment of ecological effects in the long term. 
The uncertainty regarding the (long-term) environmental effects is a 
reason for environmental organizations to urge for more risk analyses and 
for postponing commercial application of transgenic potatoes. Con-
sumers' organizations also adopt a critical attitude. Transgenic potatoes 
are only acceptable to them when it is clear that they can be consumed 
without risks and do not bring along harmful environmental effects. 
Furthermore they stipulate as a condition that not only the producer prof-
its from it and that transgenic potatoes are properly labelled. 
The government considers biotechnology to be important for Dutch ag-
riculture and horticulture and therefore stimulates the development of 
transgenic potatoes. This is done by means of innovation policy. At the 
same time the government also sees it as her responsibility to guarantee 
the safety of transgenic crops for people and environment; this is effected 
through regulatory policy. The government leaves the choice either in 
favour of or against specific applications of transgenic potatoes to the 
different parties in society. In order to do so, these parties require infor-
mation on the technological development and its effects, and need to form 
an opinion, preferably by mutual agreement. The government supports 
the information supply and the public opinion via her policy of promot-
ing communication and facilitation. 
Acceptance of transgenic potatoes can only be achieved when two con-
ditions are met. First of all, these potatoes have to meet the demands of 
the consumer: no negative environmental effects, safe for consumption, 
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and advantages for more parties than just the producer. In the second 
place proponents and critics should start a dialogue. In this dialogue they 
should look for a consensus on the way to achieve the advantages of 
transgenic potatoes and, at the same time, prevent negative effects. 
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GLOSSARY 
Amylopectin 
Amylose 
Anti-sense genes 
Fungicide 
Phytosanitary measures 
Gene 
Genetic engineering 
Genetic modification 
Gene mapping 
GMO's 
Herbicide 
Herbicide resistance 
Clone 
Marker gene 
Molecular Breeding 
Mutant 
Nematodes 
PVX 
R&D 
Reductionism 
Resistance 
Transgene 
Tissue culture 
The water-insoluble portion of starch 
The water-soluble portion of starch 
Genes with the mirror image of the normal genes, 
preventing expression of these normal genes 
Fungus-küling agent 
Measures to maintain healthy plants 
The basic unit of heredity: an ordered sequence of 
nucleotide bases, comprising a segment of DNA. 
Technologies, including recombinant DNA tech-
nologies, used to isolate genes from an organism, 
manipulate them in the laboratory and inject 
them in another organism 
Genetic engineering 
Determination of the relative locations of genes 
on a chromosome 
Genetically Modified Organisms 
Weed-killing agent 
Resistance to chemical weed killers 
A collection of genetically identical cells or organ-
isms which have been derived asexually from a 
common ancestor; all members of the clone have 
an identical genetic composition 
A gene used for the identification of genetically 
modified cells or plants 
Plant breeding using genetic engineering 
An organism that has undergone some change as 
a result of gene mutation 
A class of (soil) worms, often parasitic 
Potato Virus X 
Research & Development 
The view that organisms are only the sum of their 
constituting parts 
Ability to limit the effect of an infection (by in-
sects, fungi, bacteria, etc) 
Genetically modified 
A technique in which portions of a plant are 
grown on an artificial medium 
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